UV Emission from the M1 Supergiant TV Gem by Michalitsianos, Andrew G. & Kafatos, Menas
Chapman University
Chapman University Digital Commons
Mathematics, Physics, and Computer Science
Faculty Books and Book Chapters Mathematics, Physics, and Computer Science
1982
UV Emission from the M1 Supergiant TV Gem
Andrew G. Michalitsianos
Menas Kafatos
Chapman University, kafatos@chapman.edu
Follow this and additional works at: http://digitalcommons.chapman.edu/scs_books
Part of the Instrumentation Commons, and the Stars, Interstellar Medium and the Galaxy
Commons
This Book is brought to you for free and open access by the Mathematics, Physics, and Computer Science at Chapman University Digital Commons. It
has been accepted for inclusion in Mathematics, Physics, and Computer Science Faculty Books and Book Chapters by an authorized administrator of
Chapman University Digital Commons. For more information, please contact laughtin@chapman.edu.
Recommended Citation
Michalitsianos, A.G., Kafatos, M. (1982). UV emission from the M1 supergiant TV Gem. In Y. Kondo, J.M. Mead, & R.D. Chapman
(Eds.), Advances in Ultraviolet Astronomy: Four Years of IUE Research. Proceedings of a Symposium held at NASA Goddard Space
Flight Center, Greenbelt, Maryland, March 30-April 1, 1982 (pp. 263-267).

W EMISSION FROM THE MI. SUPERGIANT TV GEM 
by 
A. G. Michalitsianos 
and 
M. Kafatos 
* 
Laboratory f o r  Astronomy and Solar  Physics 
NASA Goddard Space F l ight  Center 
Greenbelt , Maryland 
ABSTRACT 
Low and high dispers ion u l t r a v i o l e t  spec t ra  were obtained of t he  Ml 
supergiant TV Gem with IUE. Previous IUE observations of t h i s  la te  type 
supergiant revealed unexpected W continuum emission, perhaps a r i s i n g  from 
an ea r ly  B companion. Low reso lu t ion  spec t ra  obtained approximately one 
year apar t  suggest t h a t  t h e  s t rong S i  I11 in-combination perhaps with 0 I a t  
wavelengths % A1300 A varies considerably with time. Large va r i a t ion  
the  column densi ty  is  required t o  explain these changes. Sporadic mass 
expulsion with mass l o s s  rates dM/dt * 10-5 S y r - l  from the  M supergiant 
could lead t o  a dense circumstellar wind near  the  hot ea r ly  companion, and 
thus  could account f o r  these  observed va r i a t ions  i n  equivalent width. The 
high reso lu t ion  spectrum i n  the  A2000 t o  3200 A wavelength range is 
character ized by narrow absorption l i n e s  pr imari ly  due t o  Fe 11, Mn I1 
and Mg I1 (h and k), which are skewed i n  p r o f i l e  with an extended red wing, 
W e  t en t a t ive ly  a t t r i b u t e  t h i s  p r o f i l e  s t r u c t u r e  t o  interstellar absorption 
and an intervening d i f f e r e n t i a l l y  moving cloud i n  the  d i r ec t ion  of Gem OB1, 
of which TV Gem is  a known associat ion member. 
in 
INTRODUCTION 
The late type  ,supergiant TV Gem = HD 42475 (Ml Iab) t h a t  w a s  found t o  
exhib i t  s t rong  W continuum (Michalitsianos,  Kafatos and Hobbs 1980) has 
been re-investigated with IUE. A comparison of low dispers ion spec t ra  obtained 
i n  the  SWP wavelength range approximately one year later suggests t h a t  a few 
of the  s t rong  absorption fea tures  a t t r i b u t e d  t o  S II?, S i  I11 and .C I1 
vary with time. Previously w e  have applied an interstellar correct ion t o  
the W continuum of E(B-V)=0.4, cons is ten t  with ea r ly  estimates f o r  reddening 
obtained i n  the  v i s u a l  by Crawford et al. (1955) and Eggen (1967). However, 
t h i s  ex t inc t ion  correct ion did n o t .  f u l l y  co r rec t  f o r  t h e  s t rong A2200 A 
f ea tu re  which i s  c l ea r ly  present in  our LWR (A2000 t o  3200 A) spectra .  
Rather, more recent estimates of E(B-V)=O.65 (Av = 2.16) of Humphreys (1978) 
agrees more closely with t h e  s t r eng th  of t h e  A2200 A f ea tu re  observed with 
IUE. We adopt an E(B-V)=O.65 and show the  de-reddened spec t ra  f o r  d i f f e ren t  
observing epochs i n  Figure 1. 
* 
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Figure 1 
The continuum d i s t r ibu t ion  i n  the  SWP (A1200 - 2000 A) wavelength range 
corrected with E(B-V)=0.65 is bes t  approximated by an ea r ly  B type companion. 
The presence of S i  111, S i  I V  and possibly S I1 is  cons is ten t  with absorption 
fea tures  t h a t  charac te r ize  W spec t ra  of ea r ly  type stars, although va r i a t ions  
i n  the  absorption s t rengths  of these  f ea tu res  suggests somewhat more 
complicated processes are present .  This follows because considerable 
va r i a t ions  i n  column dens i t i e s  are required t o  produce the  observed changes. 
Possibly,  sporadic m a s s  e j ec t ion  i n  the  wind of the  M supergiant r e s u l t s  
i n  l a rge  va r i a t ions  i n  column densi ty  along the  l ine-of-sight with 
1013 ~ m - ~ .  Such high values i n  wind densi ty  are unusual, but are required t o  
explain the  changes i n  equivalent widths f o r  S i  I11 and/or 0 I. 
p % 
Additionally,  high reso lu t ion  spectra obtained i n  the  LWR wavelength 
range (A2000 - 3200 A) reveal  narrow absorption lines which are a t t r i b u t e d  
t o  i n t e r s t e l l a r  k 11, Fe I1 and Mg I1 (h and k). The s t rong h and k l i n e s  
of Mg I1 (AX2795, 2802 A) centered a t  t h e i r  rest wavelengths appear skewed 
i n  p r o f i l e  in the  sense of an extended red wing, Skewed p r o f i l e s  of in te r -  
stellar Mg I1 a l so  charac te r ize  the  l i n e  p r o f i l e s  of Mn 11, but are not  as 
c l e a r l y  evident i n  Fe 11. This skewness i s  possibly explained by an in te r -  
vening d i f f e r e n t i a l l y  moving cloud (-20 km s-l) in the  d i rec t ion  of Gem OB1, 
of which TV Gem is a known associat ion member, and which is estimated t o  be 
~~1400 p c  (Crawford et al .  1955). Our observing program and ana lys i s  of da t a  
follows. ;ijhe apparent magnitude corrected f o r  ex t inc t ion  is mv = 6.58. 
OBSERVING PROGRAM 
I n  Figure 1 t h e  SWP spec t ra  f o r  25 November 1979 and 16 January 1980 
(10 minute exposures each) have been averaged toggther i n  order  t o  reduce 
the  r e l a t i v e  noise  i n  the  data.  Inspection of t he  individual  spec t ra  f o r  
each of these da tes  ind ica tes  t h a t  t h e  absorption fea tures  present  did not  
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change. A 40-minute SWP spectrum on 6 Feb. 1981, however, c l ea r ly  ind ica tes  
s ign i f i can t  increases  i n  absorption s t rength  a t  AA1256, 1300 and 1334 A. 
Su'ff icient s i g n a l  w a s  no t  obtained t h a t  absorption f ea tu res  could be discerned 
with an -8-hour SWP exposure. 
Table 1 
- Ion Mult iplet  XIUE(A) 
s II? 1 1259.8 
S i  I11 4 1295.5 
0 I7 2 1301.0 
c I1 1 1333.0 
S i  I V  1 1393.4 
c I V ?  1 1546.4? 
Fe I I ?  1435.6 
Fe II? 193 1473.4 1473.8 
Fe II? 38 1708.6 1708.6 
Pe II? 397 1844.4 1844.6 
Fe II? 65 1853.8 1852.4 
h La bora t o r  y (A) 
1294.5-1303.3(6 l i n e s )  
1253.8 
1302.2 
1334.5,1335.7 
1393.8 
1548.2,1550.7 
1434.9 
A number of ions indi- 
cated with ? i n  Table1 
are t en ta t ive ly  shown. 
In  Table 2 absorption 
l i n e s  detected with t h e  
high dispers ion LWR 
camera are given, t h a t  
are corrected fo rEar th .  
and satellite motion 
(+22.5 km s-l) 
In  Figure 2 the  Mg I1 
(h&k) l i n e s  are shown 
a t  t h e i r  measured wave- 
lengths,  which i s  very 
close t o  the  rest wavelengths. Two unident i f ied l i n e s  are present,  where the 
f ea tu re  a t  A2798.9 A should not  be confused with the  subordinate l i n e  Mg I1 
mul. (3) A2797.9 A. Its associated l i n e  a t  12790.8 A i s  not  present.  The 
unident i f ied f ea tu re  a t  A2800.5 A appears real  and may be a blend of high 
order mul t ip le t s  of Mn I1 (61, (71, (201, (21) and (22). Figure 3 shows the  
s t rongest  Mn I1 (1) l i n e  which exh ib i t s  similar s t r u c t u r e  as Mg I1 (h & k). 
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Figure 3 
The average W continuum f l u x  observed t h  oughout t h e  e n t i r e  s e n s i t i v i t y  f s-1 A- , a f t e r  applying an inter- range of IUE i s  F~ 
stellar ex t inc t ion  cor rec t ion  E(B-V)=0.65 t o  the  observat ions .  The r e l a t i v e  
apparent 
obtained by extrapolat ing t h e  corrected W continuum t o  the v isua l .  The 
bolometric magnitude is  derived t h a t  corresponds t o  a d is tance  d 'L 1400 pc f o r  
which Mbol rL -3.0. This value of Mbol l i es  W e l l  wi thin the  range of a B5 
t o  BO star (Allen 1973) i f  the  secondary i s  a main sequence type companion. 
For a B5 star, Mv = -1.1 and mv rL 11.8, and correspondingly f o r  a BO star,  
Mv = -4.1. and 5 'L 8.8. The relative magnitude d i f fe rences  between primary 
2 x:1.0-11 e r g  
v i s u a l  magnitudes between primary and secondary stars can be 
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Table 2 
High Dispersion LWR Spectrum 
- Ion M u l t i p l e t  
Fe I1 
Fe I1 
Fe I1 
Mn I1 
Mu I1 
Fe I1 
Mn I1 
Fe I1 
Mn I1 
? 
Mn I1 
Mn I1 
Mu I1 
Fe I 
M n I  
Mu I1 
M g  11 (k) 
? 
? 
M g  I1 (h) 
Fe I1 
Fe I 
Mu I1 
3 
2 
2 
1 
1 
1 
1 
1 
19 
1 
1 
255 
2865 
X I U E  (A) 
2343.5 
2373.8 
2382.2 
2492.9 
2576.2 
2579.5 
2583.5 
2585.8 
2593.8 
2599.3 
2605.7 
2617 - 3 
2618.5 
2738.0 
2738.9 
2740.4 
2795.5 
2798.9 
2800.5 
2802.5 
2826.3 
2827.9 
2865.7 
and secondary, r e s p e c t i v e l y  
areA mvQ 5.2 and 2.2, a 
s u f f i c i e n t l y  l a r g e  d i f f -  
erence t h a t  t h e  secondary 
(*)can remain undetected i n  
t h e  v i s u a l .  As found by 
Michal i t s ianos  e t  a l .  (1980) 
t h e  companion dominates t h e  
i n t e g r a t e d  l i g h t  a t  wave- 
l e n g t h s  X < 3600 A. 
XLaboratory 
2343.495 
2373.733 
2382.034 
2492.716 
2576.107 
2579 A06 
2583.538 
2585.876 
2593.731 
2605.697 
2 616.934 
2618.145 
2732.832 
2738.861 
2740.161 
2795.523 
2802.697 
2826.024 
2827.670 
2865.600 
The S i  I11 3jP0-3P multi-  
p l e t  has an  equiva len t  
width of ~ 6 1 0 0  mA i n  Feb. 
1981 ( f o r  a l l  6 lines), and 
i f  compared t o  our  previous 
low r e s o l u t i o n  s p e c t r a  has  
a t t a i n t e d  t h i s  width over  a 
a e r i o d  1 vear.  Using t h e  
square root," p o r t i o n  of 
t h e  curve of growth curve 
w e  f i n d  column d e n s i t i e s  
n ( S i  I I I , 3 P 0 ) ~ 3 . 5  x 
cm-2, which corresponds t o  
atomic parameters f o r  t h i s  
m u l t i p l e t  of Weise, Smith 
3nd Glennon (1966), where 
tb(Si 1II ,3po)  i s  t h e  number 
d e n s i t y  of S i  I11 ions  i '3 3~0(1ower level of  PO_- P) 
Because. 3P0 levels are metastable  t o  t h e  IS level, t h e  populat ion of t h e  3P0 I 
levels b u i l d s  up c o l l i s i o n s  from t h e  ground state. Wri t ing t h e  equi l ibr ium 
equat ion f o r  t h e  t h r e e  lowest levels f o r  S i  111, namely (ground s t a t e ) ,  3P0 
(6.6 e V  above ground) and t h e  7 PO (10.3 e V  above ground) , w e  f i n d  t h a t  t h e  
relative abundance of t h e  $0 levels i s  
where "l", "2" and "3" r e f e r  t o  t h e  IS, 3P0 and IPo  states, r e s p e c t i v e l y .  It 
fol lows t h a t  i f  T % 17,000K appropr ia te  f o r  a B star (B3) ,  then  N(3P0)Q0.1, 
N(k)%0.9 and N(1P0)~~N(3P0)y N(lS). It fol lows from equat ion (1) t h a t  the. 
lower l i m i t  t o  column hydrogen d e n s i t y  (assuming cosmic abundances) is  nL Q, 
4 x 
region. 
star (RQ5.2IQ and ~ 7 0 0  km s-' (B3 
1.6 x 
X1298.9 A is Q2 A redward of t h e  observed f e a t u r e ,  i n d i c a t i n g  poss ib ly  m a s s  
motion %450 km s-I. Had w e  used t h e  wind equat ion a p p r o p r i a t e  t o  a r e d  super- 
g i a n t ,  i.e. ~ 1 0 0  km and.R%60% we  would f i n d  (assuming a D104K she11 
around t h e  superg ian t )  t h a t  M: 6 x 10-3 Ma yr-1,  which would be r e f l e c t e d  i n  
cm-2, where n is t h e  hydrogen d e n s i t y  and L t h e  pa th length  through t h e  
2 If w e  use  t h e  wind equat ion M=4aRmHv and use  R% L/2 a p p r o p r i a t e  f o r  a B 3  
Mg yr- l .  W e  n o t e  t h a t  t h e  mean labora tory  wavelength f o r  t r a n s i t i o n  
star of 7Q, w e  f i n d  t h a t  3 
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i n  changes of zero v o l t  l i n e s  such as 0 I X1302.2 A. I f  most of t h e  changes i n  
equivalent  width around 11300 A i s  a t t r i b u t e d  t o  S i  111, t h e  absorbing region 
would have t o  be l o c a t e d  near  t h e  B star. Af p resent  it i s  n o t  clear as t o  
which of t h e  two stars t h i s  l a r g e  v a l u e  of M Q Mo yr'l a c t u a l l y  r e f e r s .  
Unfortunately , t h e  present  low d i s p e r s i o n  s p e c t r a  cannot provide unambiguous 
information rega  ding t h  v e l o c i t y  p r o f i l e s  of t h e s e  observed f e a t u r e s .  Mass 
are s u b s t a n t i a l l y  l a r g e  compared t o  t y p i c a l  v a l u e s  l o s s  rates Q10-j y r  
assoc ia ted  w i t h  e i t h e r  e a r l y  B stars ( c f .  C a s s i n e l l i  1979), o r  l a t e  t y p e  
superg ian ts  (cf .  Goldberg 1979). I f ,  however, material i s  expel led from t h e  
cool  M superg ian t  i n  sporadic  b u r s t s ,  t h e  presence of dense material i n  t h e  
d i r e c t i o n  of t h e  13 companion could provide spectroscopic  i n d i c a t i o n s  of t h e  
t o t a l  mass loss from t h e  supergiant ,  i n  a manner similar t o  that found f o r  
a Sco by van d e r  Hucht e t  a l . ,  (1980) who suggest a l a r g e  extended d u s t y  
region f o r  t h i s  star. TV Gem is l i k e l y  another  example of such systems, 
where W continuum a r i s i n g  from t h e  e a r l y  companion enables  u s  t o  o b t a i n  
a d d i t i o n a l  spec t roscopic  methods of examining m a s s  l o s s  from late t y p e  super- 
g i a n t s .  Further  W-satell i te observa t ions  could r e s o l v e  t h i s  quest ion i f  high 
d i s p e r s i o n  s p e c t r a  w e r e  f e a s i b l e  i n  t h e  X1200-2000 A wavelength range. Perhaps 
Space Telescope w i l l  provide t h e  c l u e s ?  
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